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Abstract⎯Insolubility of chitosan and oligochitosan in aqueous media above pH 6.2–6.5 and the resulting
decreased penetration thorough mucosa restricts significantly their application in biomedical compositions.
To create non-cytotoxic chitosan derivatives with a high antibacterial activity in weakly alkaline physiological
media, alkali-soluble derivatives of oligochitosan and low-molecular weight chitosan were synthesized by
coupling a betaine substituent to the nitrogen atom of glucosamine units. Comparative studies of the pH
range of the solubility of these derivatives depending on the chain length and modification degree of oligo-
chitosan with Mw = 9.7 ± 1.7 kDa were carried out. It was found that 12 mol % of betaine substituents was the
optimal modification degree ensuring the existence of a single-phase solution of modified oligochitosan
(Mw = 2–10 kDa) within the entire pH range. Investigation of the antibacterial activity of betaine derivatives
against gram-positive (S. aureus) and gram-negative (E. coli) bacteria revealed their high antibacterial effect
in both weakly acidic and weakly alkaline environments. Betaine derivatives were found to be nottoxic
towards cow lung epithelial cells (LEC) at concentrations below 2.5 mg/mL. The results obtained seem prom-
ising for the application of these derivatives in biomedical compositions.
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The number of antibiotic-resistant bacteria, espe-
cially among the agents of clinical infections, is pres-
ently increasing dangerously. Research on develop-
ment of new nontoxic biocidal preparations as alterna-
tives to antibiotics for parenteral application is
therefore supported in all developed countries, as well
as development of alternative therapeutic approaches
based on targeted delivery of the preparations and
widespread application of nontoxic biocompatible
carriers. Chitosan and its nontoxic derivatives are
among the promising carriers of such type. The pro-
nounced mucoadhesive properties and the ability to
open tight junctions, i.e., to stimulate absorption of
transported compounds via both the transcellular and
paracellular pathways are important advantages of chi-
tosan as a basis for transport media. The loss of chi-
tosan solubility at pH above 6.5 and its decreased anti-
microbial activity in neutral and alkaline media corre-
sponding to the conditions of mammalian intestine
and intercellular space are, however, significant lim-
itations for development of chitosan-based dosage
forms.
Introduction of additional ionogenic groups, e.g.,
of quaternary ammonium groups, which are positively
charged within the whole pH range, by chitosan
alkylation or by its reaction with a compound contain-
ing a quaternary trimethylammonium group is an evi-
dent solution to the problem of chitosan solubility
(Nud’ga et al., 1973; Muzzarelli et al., 1983; Domard
et al., 1986; Loubaki et al., 1989, 1991; Le Dung et al.,
1994; Sieval et al., 1998; Zhishen et al., 2001; Ham-
man and Kotzé, 2001; Snyman et al., 2002; Polnok
et al., 2004; Spinelli et al., 2004; Lim and Hudson,
2004; Ignatova et al., 2006). Since chitosan is insolu-
ble in the media used in these reactions and is applied
as a dispersion, these processes, in spite of their seem-
ing simplicity, result in nonuniform distribution of
trimethylammonium groups along the polymer chain
and in partial degradation of the macromolecules.
We have previously proposed (Stepnova et al.,
2006, 2007) a soft process for one-stage betaination
under homogeneous conditions with 2-ethoxy-1-
ethoxycarbonyl-1,2-dihydroquinoline (EEDQ) as a
binding reagent.
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